Abstract-This paper proposes a computationally efficient method for a two-dimensional direction of arrival estimation of multiple narrowband sources. We apply the MUSIC method which requires eingenvalues decomposition to the cross spectral matrix. This paper will employ two L-shape arrays that showed better performances than the one L-shape and the parallel shape arrays. In spite of its computational complexity, simulation results verify that the proposed subspace technique gives much better performance than the propagator method.
I. INTRODUCTION
The direction of arrival (DOA) estimation is very important in the fields of radar, sonar, and high-resolution spectral analysis. The problem of estimating the two-dimensional (2-D) directions of arrival (DOAs), namely, the azimuth and elevation angles, of multiple sources has received considerable attention in the field of array processing [1] [2] [3] [6] [7] . Although the maximum likelihood estimator [2] provides optimum parameter estimation, its computational complexity is extremely demanding.
MUSIC is the most well-known for its super-resolution capability and simplicity and it has less computational complexity than the maximum likelihood methods.
Tayem and Kwon [8] have proposed amelioration in the estimation of angle elevation between 70°and 90°than the algorithm proposed in [5] , which is very important in mobile communication. However, the 2-D angle estimation error in [8] is large and it has performance degradation at low SNR. Furthermore, many of the above methods [2, 6, 7] require reasonably accurate initial DOA estimates, 2-D search and/or complex pair matching of the azimuth and elevation angles. Besides, Li et al. [4] have proposed a PM-based DOA estimation method but unfortunately, a 2-D peak search is neded.
The objectives of our paper are as follow (1) Reduce the estimation error of both the azimuth and elevation angles.
(2) Improve the performance of our method at low SNR. (3) Reduce the estimation failure problems when elevation angles are between 70°and 90°.
To achieve these objectives, this paper proposes the two Lshape antenna array configuration shown in Fig. 1 and employs the MUSIC method.
The rest of the paper is organized as follows. The data model is presented in section II. Our 2-D DOA estimation algorithm is developed in section III. Section IV shows simulation results and section V makes conclusions.
II. DATA MODEL
Consider the two L-shape uniform linear arrays (ULAs) in the x-z and the y-z planes shown in Fig.1 with inter-element equals d, using three array elements placed on the x, y and zaxes. Each linear array consists of N elements. The element placed at the origin is common for referencing purpose. We put the complex base-band representation of the signal received by the nth element of one sub-array as x, (t) (n = 1, 2, ... N), the signal sources are far apart from the sub-array. The sub-array output vector at the snapshot t is then given by x(t) = (x1 (t), x2 (t),..., XN (t)) Ok is the elevation angle of the kth source signal. 7kz (t) is the additive White Gaussian noise of the kth source signal at the snapshot t.
The sample correlation matrix of the sub-array output vector is defined by
We denote its eingenvalues, in decreasing order, and their corresponding eigenvectors by 2k and vk respectively. The K points where the function The exhaustive sweeping operation is usually used to find the local maxima.
2) The azimuth angle estimation method. Let X(t) be the N x 1 signal received at the linear sub-array in the x axes at the snapshot t. The sample correlation matrix of the sub-array output vector is defined by
Its eingenvalues, in decreasing order, and their corresponding eigenvectors are denoted by 2k and vk respectively.
With the same MUSIC procedure used for estimation of the elevation angle Sk, we can estimate kX using the sub-array elements in the x axis with the elevation angle Sk obtained from (12). Figs. 2 and 3 show the histogram plots for the joint elevation and azimuth angles, respectively, for a single source with DOA (85°,400) and signal to noise ratio SNR=10 dB, by using the PM of the 2-L-shape arrays in [8] . significantly compared to the PM algorithm and it reduces the estimation error of both the azimuth and elevation angles.
Figs. 6 and 7, show the standard deviation of the azimuth and elevation angle estimation versus the SNR in dB for a single source of DOA (70°,60°), respectively. The total number of elements used is 16 for both methods. It is clear from Fig. 6 that the PM method in [8] is worse than the proposed MUSIC method of the 2-L-shape arrays after 3 dB for the azimuth angle estimation. In addition, we observe from Fig. 7 that the performance of the proposed algorithm gives much better performance for elevation angle estimation, especially at a low SNR value, than the PM method in [8] and [5] . As the elevation angle approaches 90°, the DOA estimation quality of the proposed MUSIC method is slightly better than the PM in [8] . In a typical mobile communication environment, the elevation angle would be between 71°and 89°. Therefore, the proposed algorithm would be more practical than the PM in [8] .
V. CONCLUSION An antenna array configuration was proposed using the MUSIC method, for the 2-D azimuth and elevation angle estimation problem and compared with the PM algorithm of the 2-L-shape arrays in [8] . MUSIC can be applied to all array configurations. The superiority of the proposed algorithm over PM algorithm is shown through simulations.
(1) The proposed scheme reduces the estimation error of both the azimuth and elevation angles.
(2) It shows better performance at low SNR, than the PM scheme.
(3) The MUSIC algorithm reduces the estimation failure problems when elevation angles are between 70°and 90°. Furthermore, the proposed two L-shape algorithm shows no failure for all pair angles.
